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Abstract 
To tackle the problem of frosting occurred on the outdoor coil surface when an air source heat pump 
(ASHP) is operated in winter, a novel frost-free ASHP system has been developed. However, the 
dehumidification performance and the frost-free time of the system operated are highly dependent on the 
electronic expansion valve (EEV) opening of the 1st stage throttle. In addition, the coefficient of 
performance (COP) of the systems is controlled by the EEV opening of the 2nd stage throttle. Therefore, 
the objective of this study is to investigate the effect of the EEV opening on the system thermodynamic 
performance in terms of dehumidification efficiency, regeneration efficiency, compression ratio, heating 
capacity and COP. It was observed that the optimal performance was achieved when the EEV openings of 
the 1st stage throttle and 2nd stage throttle were 75% and 40% respectively. In addition, a correlation of 
COP with the EEV openings of the 1st stage throttle and 2nd stage throttle was developed to optimize the 
system performance. The results showed that the system thermodynamic characteristics were highly 
sensitive to the variation in the EEV openings of both the1st stage throttle and 2nd stage throttle. 
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Compressor Rotary Swept 
 




3): 350×350 ×125; 
Radius of the cobber tube (mm): 9.52 × 0.5; 
Condenser 
 
Smooth copper tube Ø9.52 × 0.5 mm 
 








diameter : 250 mm, 
height:450 mm 








Size (mm3): 350×350 ×125; 
Radius of the cobber tube (mm) 9.52 × 0.5; 
The quantity of silica gel 2.8kg; 
Expansion 
device EEV 
Diameter of valve orifice: Ø 1.8mm; 
 
Full pulse number: 500 PP; 
Maximum working pressure:3.0 MPa; 
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The 2nd stage throttle EEV opening
 30% (Suction temperaure); 
 
30% (Discharge temperaure)
 40% (Suction temperaure); 
 
40% (Discharge temperaure)










suction and discharge 
 
temperatures of the compressor 
 








2nd stage throttle. 
 




































































respect of time when the EEV opening of the 2nd stage 
 























































































































































































































































































































































































discharge temperature decreased sharply at around 31 33.2 
 
and 36.2 minutes when 
 



































































































































































































































suction and discharge 
 



















with respect to the 
 





































































































































































































































































































































































































decreased to 4.1 and then 
 















































































































































































































































































at the different 
 





























































































































































































































































































































































































































































































































































































































































































































































































the EEV opening of the 2nd stage throttle was 
 











































































































































throttle should be kept at 
 














































































































Illustration of the COP 
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EEV opening (%) 
The 
 
1st stage throttle 
 
EEV opening (%) 
 
30 35 40 45 50 
65 2.41 2.48 2.57 2.5 2.46 
70 2.42 2.58 2.78 2.63 2.52 
75 2.44 2.58 2.83 2.67 2.58 
80 2.43 2.54 2.76 2.61 2.53 
85 2.4 2.51 2.71 2.66 2.49 
 



































































































































































































the change of the average COP of the 
 









stage throttle and 2nd 
 
































































































































































































































































































































































































































































opening of the 1st 
 





















































stage and 2nd 
 
stage throttle should be kept 
 
at 























































































PCMs at the outdoor 
 
temperature of 0°C and 
 
RH of 85%. The key findings 
 



























































































































































increasing the opening of the 2nd stage throttle at the 
 
optimal opening of 
 



























































































































































opening of the 1st 
 
stage throttle and 2 nd 
 






















































































































































































and cooling panel. 
 




















































































































































































































































































































































defrosting performance for 










































in a typical cold city Energ. Buildings. , 
162(2018)65-76. 
 


































































































Appl. Therm. Eng. 37 
 




















































































































































M.L. Qu, T. 
 

















































































































































hydrophobic coating and hygroscopic coating. Energ. Buildings. 43 
 
(2011 1159-1163. ) 



















































































































































































































































































































































































































by applying tube encircled photoelectric sensors. 
 
Int. J. Refrig. 




























































































































































































































































































































































































































































































































[40] J.P. Holman, Experimental Methods for Engineers. McGraw Hill, 
 






































Optimal control of the gas-cooler 
 
pressure of a 
 






















































































































dehumidification at the different 
EEV openings 
 










the different EEV openings 
 








Measured suction and discharge 
 
temperatures of the compressor 
 














suction and discharge 
 










































Illustration of the COP 
 
of the experimental prototype at the 
 
different EEV openings of 
 









of the experimental prototype 
 







stage throttle and 2nd-stage throttle. 
 
 
 
